Stimuli with a same history tend to be equivalent, that is, substitutable for one another. Two forms of equivalence can be distinguished, stimulus equivalence and functional equivalence. Stimulus equivalence is indicated when stimulus substitution shows the mathematical properties of reflexivity, symmetry, and transitivity (Sidman , 1994) . For example, after being trained to relate samples B1 and C1 to comparison A 1 (and not to A2), and samples B2 and C2 to comparison A2 (and not to A 1), most verbal humans will, without further training, relate all same-class Band C stimuli conditionally to one another (B1-C1, B2-C2; C1-B1, C2-B2). B1 and C1 have a history of being conditionally related to A 1 (and not to A2), thus B1-C1. Functional equivalence is indicated when transfer across same-class stimuli is evident. Functional equivalence has been defined in terms of emergent stimulus-response and stimulus-stimulus relations (for extensive reviews, see Astley & Wasserman, 1999; Saunders, Williams, & Spradlin, 1996) . In the study by Wasserman and DeVolder (1993) , for example, 4-and 5-year-old children were trained to place multiple exemplars of each of four different stimulus categories (flowers, chairs, Correspondence may be sent to Paul M. Smeets, Behavior Analysis Unit, Department of Psychology, Leiden University, P. O. Box 9555, 2300 RA, Leiden , The Netherlands. (Email: Smeets@fsw.leidenuniv.nl) .
people, and cars) at two different locations of a quadrant: flowers and chairs at the top right corner, and people and cars at the bottom left corner (initial training). Then they were trained to place flowers at the top left corner and cars at the bottom right corner of another quadrant (reassignment training). During subsequent probes, most children placed the nonreassigned stimuli (chairs and people) at the same locations as the reassigned same-class stimuli (chairs: top left, people: bottom right). These findings were similar to those obtained with pigeons (Astley & Wasserman, 1999; Wasserman, DeVolder, & Coppage, 1992) and have been replicated and extended in subsequent child studies (Smeets, Barnes, & Roche, 1997; Smeets, Barnes-Holmes, & Roche, 2001 ) in both of which abstract stimuli were used.
Except for two studies by Perez-Gonzalez (1994) and PerezGonzalez and , there have been no functional equivalence studies involving stimulus compounds. Yet, compounds are much more common in the natural environment than unitary stimuli (Stromer & Stromer, 1990) . In the studies by Perez-Gonzalez, adults and 10-to 16-year-old (pre)adolescents received match-to-sample training on three A-B relations (A 1-B1, A2-B2, A3-B3) and on similar P-O relations (P1-01, P2-02, P3-03). Then they received further match-to-sample training with AB compounds as samples and unitary X stimuli as comparisons (AB-X). The participants received positive feedback for selecting X1 when given any of three AB compounds representing sample-correct comparison relations (A 1 B 1 , A2B2, A3B3), and for selecting X2 when given any of the six compounds representing sample-incorrect comparison relations (e.g., A2B 1, A 1 B3). Finally, probes were presented with PO compounds as samples and X stimuli as comparisons (PO-X). Most participants showed transfer from AB to PO (e.g., P1 01-X1, P102-X2), albeit some of them only after repeated training and testing.
The present study was an effort to replicate the work by PerezGonzalez with 5-year-old normally developing preschool children. Previous studies have shown that, after a history of responding to a particular set of tasks (e.g., simple discriminations) or (unitary) stimuli, mentally young populations frequently do not adapt their performances when more complex tasks (e.g., conditional discriminations) or stimuli (compounds) are introduced (Singh & Solman, 1990; Smeets, Barnes, Schenk, & Darcheville, 1996; Stromer, Mcllvane, Dube, & Mackay, 1993) . Specifically, the current research examined whether, following conditional discrimination training with unitary stimuli (A-B and P-O), procedures that had been successfully used for training the AB-X relations and testing transfer (PO-X) in older children and adults in previous research (Carpentier, Smeets, & Barnes-Holmes, 2000; Perez-Gonzalez, 1994 , Perez-Gonzalez & Serna, 1993 would be appropriate for preschoolers.
The study consisted of three experiments, all with 5-year-old Dutch children. Experiment 1 was a modified replication of the Perez-Gonzalez study (1994, Experiment 1) . At first, the children received training on two A-B and two P-O match-to-sample tasks. This training permitted the Train A 1-B 1 --+ "good" A 1-B2 --+ "wrong" A2-B2 --+ "good" A2-B 1 --+ "wrong" P1-Q1 --+ "good" P1-Q2 --+ "wrong" P2-Q2 --+ "good" P2-Q1 --+ "wrong" TRANSFER OF COMPOUND CONTROL Table 1   Basic Training and Testing Program in Experiment 1   Train   A1B1 --+ X1  A1 B2 --+ X2  A2B2 --+ X1  A2B1 --+ X2   141   Test   P1Q1 --+ X1? P1 Q2 --+ X2? P2Q2 --+ X1? P2Q1 --+ X2?
formation of two contingency classes, one of "correct" stimulus relations (A 1-B1, A2-B2, P1-01, P2-02) and one of "incorrect" stimulus relations (A 1-B2, A2-B1, P1-02, P2-01). Then they were trained to relate AB compounds with same-class elements to comparison X1, and AB compounds with differentclass elements to X2 (A 1 B1 &A2B2-X1, A 1 B2&A2B1-X2). The AB-X training program was the same as that which had been successfully used with 6-year-old 1 st-grade children (Carpentier et aI., 2000) . This program was designed to prevent control by only one element of the sample and learning took place in a stepwise fashion. Finally, transfer from AB-X to PO-X was assessed. Table 1 shows the functional equivalence design of the experiment. Experiments 2 and 3 were designed to identify stimulus control variables responsible for the inadequacy of the AB-X training program and for failing the transfer test. These experiments will be introduced after Experiment 1. Table 2 provides a detailed overview of the training and testing tasks in each experiment.
Experiment 1

Method
Children
Participants were 4 girls and 2 boys between 4.9 and 5.5 years (M = 5.2). The children were recruited through school contacts and participated, with their parents' approval, on a voluntary basis. None of the children had participated in experimental studies before. The sex and age of each child are presented, together with the results, in Table 3 .
Sessions, Setting, and Observers
Sessions were conducted individually in a quiet room of the school buiding, once or (sometimes) twice a day, and lasted from 3 to 26 min (M = 7.1 min). The children participated 8 to 16 sessions (M = 14.5) over a period of 13 to 23 days (M= 17.7 ).
An adult female served as experimenter. The experimenter and child were seated at the same table facing one another. The experimenter had received extensive training on the correct execution of the training and test procedures with special emphasis on the prevention of cues (e.g., facial expression, eye darting, timing of feedback) that could influence the children's responses. During training, the experimenter looked at the child's face when giving instructions and delivering programmed consequences. During the remainder of these trials (i.e., when presenting stimulus materials and while the child responded) , the experimenter gazed at a fixed location on the table. Precautions were taken to prevent the children from observing the experimenter's recordings on the data sheets. Two other adults served as reliability observers, one at a time. The observer was present in the same room but was situated such that she could clearly observe the children 's responses, but not the experimenter's data sheet.
Tasks, Stimuli, and Materials
Two-and four-choice match-to-sample tasks were used. The stimuli were 10 black forms (3 x 3 cm) , see Figure 1 . For convenient reference, the stimuli are identified by alphanumeric codes (A 1, B2, etc). The numerals refer to the classes and the letters to the members of these
classes. The children never saw these codes. The forms were shown on laminated white cards (15 x 21 cm) and were presented as unitary stimuli (e.g. , A 1 or B1) or as compounds (e.g ., A 1 B2). The compounds were pairs of stimuli presented side by side. The left-right positions of the compound elements were as indicated by the codes, the A element always left and the B element always right. Some cards showed two horizontally aligned comparisons (9 cm apart) and a sample centered 5 cm below. Other cards showed four comparisons (one at each corner of the card) and a sample in the center. Additional materials consisted of a cup with 50 beads and a standing glass tube showing a mark. Filling the tube to the mark required 50 beads.
Trials, Responses, and Contingencies
Each trial started with the experimenter presenting a stimulus card. On training trials, the responses were recorded correct, incorrect, or invalid. Invalid responses, which seldom occurred, were recorded when a subject pointed without looking at the stimuli or pointed to multiple comparisons. Correct responses were followed by positive feedback ("good, take a bead") and incorrect responses by negative feedback ("wrong, no bead"). Invalid responses were followed by a correction procedure (e.g., "You can point to only one picture").
On test trials, the recording was the same except that responses consistent and inconsistent with the discrimination training were recorded as correct and incorrect, respectively. The test responses were followed by no programmed consequences other than the presentation of the next trial.
Test and Training Sequence
The test and training sequence consisted of eight phases (see Table  3 ), each of which was a prerequisite for going to the next. After learning to discriminate the AB and PO compounds in Phase 1 (AB-AB, PO-PO), and the designated A-B and P-O relations in Phases 2,3, and 4 (A1-B1, A2-B2; P1-01, P2-02), the children received AB-X match-to-sample training (i.e., A 1 B1-X1, A 1 B2-X2, A2B2-X1, A2B1-X2) in Phase 5, mixed training (A-B, P-O, AB-X) in Phase 6, and AB-X testing in Phase 7. Transfer from AB-X to PO-X was tested in Phase 8.
Introduction. Starting the first session, the experimenter informed the children that they were going to playa guessing game involving cards with several pictures. The children were told that (a) they should point to only one picture, (b) they would receive a bead for every good guess, (c) the beads would be collected into the glass tube, and (d) when the accumulated beads reached the mark, they could be exchanged for one of four color pictures (e.g., animal, racing car, soccer player, cartoon character) diplayed on the table. After a child indicated that he or she understood these instructions, the child was invited to indicate which color picture he or she wanted to earn. Then the experimenter started with Phase 1 (same session).
Phase 1: Training AS-AS, PO-Po. This training was used to ensure that the children were capable of discriminating the AB and PO compounds that were used in Phases 5 through 8. Three steps were used, each involving blocks of 16 training trials.
The AB discriminations were trained in Step 1. On each trial, the experimenter presented a card with four AB compounds (A 1 B1, A 1 B2, A2B1, A2B2) as comparisons and a fifth AB compound as sample (e.g., A 1 B2). The comparisons were presented at the outer corners of the card and the sample at the center. The locations of the comparisons were fixed over trials: A 1 B 1 top left, A 1 B2 top right, A2B 1 bottom left, A2B2 bottom right. During the first two trials, the experimenter pointed to the sample and asked, "Where else do you see this picture? Look carefully:' Children who responded correctly on 15 or more trials of a block proceeded to the next step. Steps 2 and 3 were the same except that each block consisted of 16 PO trials in Step 2, and of 8 AB and 8 PO trials (quasirandomly mixed) in Step 3.
During this and all following training phases, a child was eliminated from the program if he or she did not demonstrate criterion performance after five consecutive training blocks (i.e., 80 trials). The training could be terminated earlier if it became clear that the child's responses were under inappropriate stimulus control (e.g., stimulus preference or position responding) , or extended to six blocks if the number of correct responses markedly increased or closely approximated criterion performance during the fifth training block.
Phase 2: Training A-B. Three steps were used.
Step 1 involved blocks of 18 trials during all of which the locations of the comparisons were fixed: B1 left and B2 right (Smeets & Striefel, 1994) . Each block started with two demonstration trials in which the experimenter said , "Look here" (while pointing to the sample); "I point to this" (and pointed to the designated comparison). Then she invited the child to do the same ("Now, you point"). A 1-B 1 was modeled during the first demonstration trial, and A2-B2 during the second demonstration trial. These trials were followed by 16 no-help trials. Children who responded correctly on at least 15 no-help trials, proceeded to Step 2. Steps 2 and 3 were the same except that no demonstration trials were used, and the locations of the B stimuli were reversed in Step 2 (B1 right and B2 left) and quasirandomly varied over trials in Step 3.
Phase 3: Training P-Q. Same as Step 2, except that P1 and P2 served as samples and 01 and 02 as comparisons (P1-01, P2-02).
Phase 4: Training A-B and P-Q mixed. Two steps were used.
Step 1 consisted of 2 blocks of 16 trials each , A-B trials in Block 1 and P-O trials in Block 2. Children who responded correctly on at least 15 trials in each block proceeded to Step 2. In Step 2, each block consisted of eight A-B trials quasi randomly mixed with eight P-O trials. Children who responded correctly on at least 15 trials proceeded to Phase 5.
Phase 5: Training AB-X. Five steps were used. The A 1 B1-X1 , A 1 B2-X2, and A2B1-X2 relations were trained in Steps 1 through 3, the A2B2-X1, A1B2-X2, and A2B1-X2 relations in Step 4, and all four AB-X relations in
Step 5. Blocks of 16 trials were used. Children who responded correctly on at least 15 trials proceeded to the next step. To prevent deterioration of the previously trained A-B and P-O performances, the children received a mixed sequence of eight A-B and eight P-O training trials (see Phase 4, Step 2) after every two successfully completed steps of Phase 5.
Step 1. The subjects were trained to point to X1 when given A1B1 , and to X2 when given A2B1 or A1 B2 (A1 B1-X1 , A1 B2-X2, A2B1-X2). The locations of the X stimuli were fixed over trials: X1 always left and X2 always right. Each block consisted of eight A 1 B1-X1 trials (50%) , four A2B1-X2 trials (25%), and four A 1 B2-X2 trials (25%). Each block was preceded by three demonstration trials, one for each type of trial.
Steps 2 and 3. Same as Step 1 except that no demonstration trials were used. The left-right locations of the X comparisons were reversed in
Step 2 (X2 left, X1 right) and quasirandomly presented in Step 3 (each X comparison 50% left and 50% right).
Step 4. Same as Step 3, except that the A 1 B1-X1 trials were replaced by A2B2-X1 trials. Each block consisted of eight A2B2-X1 trials (50%) mixed wit~ four A 1 B2-X2 trials (25%) and four A2B1-X2 trials (25%).
Step' 5. Same as Step 4, except that all four relations were trained: A 1 B1-X1, A 1 B2-X2, A2B2-X1 and A2B1-X2, each four trials (25%) per block.
Phase 6: Mixed AB-X, A-B, P-O training. Blocks of 16 training trials were used. Each block consisted of eight AB-X trials, quasirandomly mixed with four A-B and four P-O trials. Children who responded correctly on at least 15 trials proceeded to the next phase.
Phase 7: Testing AB-X. This phase assessed whether the children continued to respond accurately on the trained AB-X tasks under testing conditions and served to prepare them for the PO-X test trials in Phase 8. Four trial blocks were used: two blocks of 16 AB-X test trials (Blocks 1 and 3) and two blocks of 8 training trials (4 AB-X, 2 A-B, and 2 P-O trials) (Blocks 2 and 4). Thus, each test block was followed by a block of training -trials. Immediately before each test block the experimenter said, "I will no longer say whether you are right or wrong. Do your best." From that moment on, the experimenter refrained from any communication and silently presented the stimulus cards, one after the other. Immediately before each training block, the experimenter said, "Now I will say again whether you are right or wrong:' Children who responded correctly on at least 15/16 trials of each test block and on 7/8 trials of each training block proceeded to Phase 8. Children who failed only on the test blocks, received Phase 7 again. Children who also failed on the training blocks, returned to Phase 6 before receiving Phase 7 again. Phase 8: Testing PO-x. Same as Phase 7 except that each test block consisted of 12 trials, 8 PO-X trials (measuring P1 01-X1, P102-X2, P202-X1, P201-X2) and 4 AB-X trials. Transfer was assumed when a child responded accurately on at least 22/24 test trials and on 15/16 training trials. Children who failed to demonstrate criterion performance on the PO-X trials received Phase 8 once more. Children who also responded inaccurately on the AB-X, A-B, and P-O trials were scheduled to return to Phase 6 (mixed AB-X, A-B, P-O training) before receiving the PO-X test again (which did not occur).
Reliability
The observers monitored 512/2512 training trials (20.4%) and 32/80 test trials (40%). The experimenter and observers agreed on 510 training trials (99.6%) and on all test trials (100%). Table 3 shows the successfully completed phases and steps, together with the number of required trials (training and testing), and the sex and age of each child. All 6 children completed the compound discrimination training (AB-AB, PO-PO) , and the A-B and P-O conditional discrimination training (Phases 1 -4) successfully. Only Child 5 learned the AB-X tasks (Phases 5, 6, and 7) and showed transfer from AB-X to PO-X (Phase 8) . All other children did not complete or failed the AB-X training . Child 4 became increasingly uncooperative and had to be dropped from the study. Child 6 left the school. Step 1 In brief, the findings showed that the AB-X training program , which had been successfully used for establishing similar relations with 6-yearold (1 st-grade) school children (Carpentier et aI., 2000) , was not productive with 5-year-old children. The one child who learned the AB-X tasks also showed transfer from AB-X to PO-X.
Results and Discussion
The inadequacy of the AB-X program could be related to the fact that most 5-year-old Dutch children do not possess the combinatorial skills that are typically trained during 1 st-grade reading instruction. While learning to read and spell, for example, 1 st graders may learn that words like "or" (A 1 B1) and "as" (A2B2) are correct and "os" (A 1 B2) and "ar" (A2B1) incorrect. The AB-X failures could also be related to the experimental sequence. Unlike the study by Carpentier et al. (2000) , the AB-X training was preceded by matchto-sample training with single-element stimuli (A-B, P-Q). This training sequence may have encouraged the children to attend only to one element of the AB samples (Huguenin, 2000) .
Experiment 2
This experiment examined if the AB-X training could be improved by requiring the children to respond to each element of the AB compounds and, if so, whether these children would also show transfer from AB-X to PQ-X.
Method General
Participants were 5 new children, 4 girls and 1 boy, between 5.1 and The setting , experimenter, and test and training program were the same as in Experiment 1, except that (a) Step 1 of Phase 4 was eliminated (i.e., the mixed A-B, P-Q training only involved blocks of interspersed A-B and P-Q trials), and (b) the AB-X training that was used in Experiment 1 (Phase 5) was replaced by a revised training program: Phase 5R (see below).
Two adults, one of whom also participated in Experiment 1, served as reliability observers. The observers monitored 624/2664 training trials (23.4%) and 98/368 test trials (26.6%). The experimenter and observers agreed on 621 training trials (99.5%) and on 85 test trials (98.8%).
Phase 5R: Revised AB-X Training
Seven steps were used (see also Table 4 ). Each step consisted of blocks of 16 training trials. Correct responding on at least 15/16 trials was required to go to the next step. To prevent deterioration of the previously established A-B and P-Q performances, the children received at least one training block of eight A-B trials quasi randomly mixed with eight P-Q trials after every second step (i.e., between Steps 2 and 3, between Steps 4 and 5, and between Steps 6 and 7) .
In
Step 1, the children were trained to clap when given A 1 and to wave when given A2 (A1--.clap, A2--.wave). Each block consisted of eight A 1-clap trials quasi randomly mixed with eight A2-wave trials and was preceded by two demonstration trials. The experimenter started the first demonstration trial by presenting a small card showing A 1, clapped twice, asked the child to do the same, and praised the child for correct imitation (i.e. , clapping once or twice). The second demonstration was the same except that A2 was shown and the children received positive feedback for imitating a waving response.
Step 2. Same as Step 1, except that the children were trained to clap when given B1 and to wave when given B2 (B1--.clap, B2--.wave).
Step 3. Same as Step 2, except that no demonstration trials were used, and each block consisted of a quasi random sequence of A 1--.clap, B 1--.clap, A2--.wave, B2--.wave trials (four of each).
Step 4, the children were trained to demonstrate the correct sequence of trained responses as indicated by the sequential arrangement of the sample elements (e.g., A 1 B2--.clap,wave). Each block consisted of A 1 B1 trials quasirandomly mixed with A2B2, A 1 B2, and A2B1 trials (four of each). On each trial, the experimenter presented a card showing an AB sample (e.g., A1B2) while keeping the X stimuli covered. The experimenter started each trial while shielding the B element with a match box and waited for the child to emit the trained response for the A element (e.g. , A1 --'clap). Then, the experimenter shifted the match box (i.e., A element covered, B element visible) and waited for the appropriate response (e.g., B2--.wave). A response was scored correct if the child emitted the correct sequence (A 1--.clap, B2--.wave) without any help or interference by the experimenter. If an incorrect response was made (e.g., A1 --.wave), the experimenter interrupted the child, provided corrective feedback ('Wrong. Remember, what should you do when you see th is?"), and started the same trial all over again. Thus, the children never received a next trial unless they demonstrated the correct response sequence on the previous trial without help.
Step 5. Same as Step 4, except that following the demonstration of the correct response sequence (e.g. , A 1 B1 --.clap,clap) and providing positive feedback ("Good"), the experimenter uncovered the X stimuli , and invited the child to pOint to one of the two comparisons (e.g., A2B2--.wave,wave--.X1 ).
Sfep 6. Same as Step 5, except that (a) the X stimuli were no longer cove red, (b) the experimenter instructed the children to use the match box for covering and uncovering the sample elements, and (c) positive feedback was provided only if a child executed the complete response chain co rrectly without any help. For example, when given Sample A 1 B2, the child should (a) cover B2 (only A1 visible), (b) clap (A1 --.clap) , (c) uncover B2, (d) wave (B2--.wave) , and (e) point to X2.
Step 7. Same as Step 6, except that (a) the match box was no longer used (i.e., both sample elements visible) and (b) the child ren were told that clapping and waving were no longer required . If the child clapped or waved in spite of the instructions, the experimenter recorded the response sequence (e.g ., clap-clap), and following the completion of the trial, reminded him/her that clapping and waving were no longer requi red ("You don't have to clap/wave anymore. Simply point to these pictures").
Results and Discussion
The results are shown in Table 4 . All 5 children learned the A-B, P-O , and AB-X relations. All of them continued to emit the clap/wave responses occasionally during Step 7 of Phase 5R, but ceased to do so in Phase 6 when the AB-X trials were interspersed among A-B and P-O trials. Three children showed transfer from AB-X to PO-X, two immediately (Children 7 and 11), and one during the second presentation of the PO-X test (Child 9) . The PO-X performances of Children 8 and 10 were unsystematic and at chance level. Note. I = left, r = right, rdm = random, * = test trials.
Although these findings were promising, two questions remained. First, was the success of the revised AB-X training program a function of the procedures or of unidentified child variables? The children in Experiment 2 could have been more advanced than those in Experiment 1 and capable of learning the AB-X relations with the less laborious program used in Experiment 1. Second, why did 2 children fail to show transfer from AB-X to PO-X? Although these failures may not seem disquieting and also have been reported among much older participants (Perez-Gonzalez, 1994) , the reasons for these transfer failures are still to be identified. Perhaps, the children did not "see the connection" between the AB and PO compounds (e.g., A 1 B1, P102) and the corresponding correct and incorrect sample-comparison relations (e.g., A 1-B1, P1-02). If correct, transfer from AB-X to PO-X should not be expected. Both these questions were addressed in Experiment 3.
Experiment 3
This experiment examined whether the success of the revised AB-X training in Experiment 2 resulted from the procedures rather than from unidentified child variables. Furthermore, the experiment evaluated a procedure that was designed to relate the trained A-B and P-O samplecomparison relations (e.g. , A1-B1 and P1-02) to the corresponding compound stimuli (A 1 B1, P102) that were used during AB-X and PO-X tasks.
Method
General
Participants were 5 new children, 4 girls and 1 boy, between 5.0 and 5.7 years (M = 5.5). The age and sex of the individual children are listed, together with the results in Table 5 . The recruitement procedures, setting , experimenter, materials, and procedures were basically the same as those in Experiments 1 and 2. The children received 13 to 30 individual sessions (M = 22.0) over a period of 14 to 43 days (M = 29.4) , each lasting 4 to 19 minutes (M = 9.9).
After receiving AB and PO discrimination training in Phase 1, and A-B and P-O training in Phases 2 -4, all children received the original AB-X training (see Experiment 1, Phase 5). Those who failed this training then received the revised AB-X training (see Experiment 2, Phase 5R). After learning the AB-X tasks (Phases 5 or 5R), the children received mixed AB-X, A-B, and P-O training in Phase 6, AB-X tests in Phase 7, and PO-X tests in Phase 8. Children who failed the PO-X test were trained to relate A-B and P-O sample-comparison relations to corresponding AB and PO compounds in Phase 9 ([sample-comparisonj-compound training; see below), and given the PO-X tests again in Phase 10 (see also Table 5 ).
Three new observers monitored 808/3368 training trials (24.0%) and 94/376 test trials. The observers agreed on 805 training trials (99 .6%) and on 93 test trials (98.9%).
Phase 9: (Sample-Comparison)-Compound Training
The children were trained to relate the A-B and P-O samplecomparison relations to the corresponding AB and PO compounds. Three steps were used. Each step consisted of blocks of 16 training trials. Fifteen correct trials were required for going to the next step.
Step 1, the children were trained to relate the A-B samplecomparison relations to the corresponding AB compounds, (A-B)-AB. Each trial consisted of two components. At first, the experimenter presented a card with an A stimulus as sample and two B stimuli as comparisons and gave the child the opportunity to point to the designated correct B stimulus (e.g., A 1-B1). Immediately after the child selected the correct comparison, the experimenter presented a second card showing four AB compounds, one at each corner of the card (A 1 B1 top left, A 1 B2 top right, A2B1 bottom left, and A2B2 bottom right), and asked, "Show me the same here." Correct responses were followed by praise and the delivery of a token (bead). Incorrect responses (i.e., pointing to the incorrect B stimulus or to the incorrect AB compound) were followed by corrective feedback and a repetition of the trial.
Steps 2 and 3 were the same as Step 1 except that in Step 2, each block consisted of similar (P-O)-PO trials. In Step 3, each block consisted of eight (A-B)-AB trials quasi randomly mixed with eight (P-O)-PO trials. Children who completed Step 3 successfully, proceeded to the PO-X test in Phase 10 (same as Phase 8).
Results and Discussion
The results are shown in Table 5 . Again, all 5 children learned the AB and PO discriminations in Phase 1, and the A-B and P-O relations in Phases 2 through 4. Only the 2 oldest children (15 and 16) learned the AB-X relations with the original program in Phase 5. The 3 younger children failed on Steps 1 and 3 of this phase. For Child 12, this training was terminated before the child received the maximum number of trials because of a systematic stimulus preference. Children 12, 13, and 14 then received and passed the revised AB-X training (Phase 5R). All children who mastered the AB-X tasks also passed the mixed AB-X, A-B, and P-O training in Phase 6, and the AB-X test in Phase 7.
Only 2 children (12 and 16) showed transfer from AB-X to PO-X in Phase 8. Children 13, 14, and 15 were then trained to relate correct A-B and P-O relations to the corresponding AB and PO compounds in Phase 9. All 3 children completed this phase successfully, though none of them errorlessly, and immediately demonstrated the designated PO-X relations in Phase 10. These findings indicate that the revised AB-X training was clearly superior to the initial procedure, and that failures to obtain transfer from AB-X to PO-X were probably related to compound samples not being equivalent to the previously trained sample-comparison relations. General Discussion After being trained on two A-B and two P-O relations (A 1-B 1 , A2-B2; P1-01, P2-02), all children (a) learned to relate AB compounds with same-class elements to X1 (A 1 B1 &A2B2-X1) and AB compounds with different-class elements to X2 (A 1 B2&A2B1-X2) and (b) demonstrated transfer from AB-X to PO-X (P1 01 &P202-X1, P102&P201-X2), albeit most of them only when adaptations were made to the training and testing (Experiments 2 and 3) . These findings extend the work by PerezGonzalez (1994) and Perez-Gonzalez and Serna (1993) on transfer of compound control with (pre)adolescents and adults, and on functional equivalence of unitary stimuli with young children and animals (e.g. , Astley & Wasserman, 1999; Peterson, 1984; Smeets et aI., 1997 Smeets et aI., , 2001 Spradlin, Cotter, & Baxley, 1973; Urcuioli & Zentall, 1993; Wasserman et aI., 1992; Wetherby, Karlan, & Spradlin, 1983) .
The procedures for training the prerequisite performances and testing transfer that had been successfully used with older participants (Carpentier et aI., 2000; Perez-Gonzalez, 1994; Perez-Gonzalez & Serna, 1993) clearly proved inadequate for our 5-year-old preschoolers. Excluding Child 6, who left the program prematurely, only 3 of the 10 children (30%) in Experiments 1 and 3 learned the AB-X relations with the procedures that had been used successfully with 6-year first-grade (and older) students (Carpentier et aI., 2000) . Although this age difference may not seem significant, present findings suggest that it was. Even among our 5-year-olds, age appeared to be relevant. The 3 children who completed the original AB-X training successfully were older (M = 5.6 yr, Range: 5.3 -5.7) than the 7 children who failed this training (M = 5.2 yr, Range: 4.9 -5.5) (Mann-Whitney U = 2, P = 0.03).
The revised AB-X program, used in Experiments 2 and 3, required the emission of class-related responses to each sample element (e.g. , A 1 B1-.clap,clap, A2B1 -.wave,clap). This program produced the designated AB-X relations in all 8 children, thereby supporting the assumption that the problems with the original AB-X program resulted from restricted stimulus control. This attention problem could not be related to the children's age per se because, if it were, it would make the accurate performances during the compound discrimination training in Phase 1 difficult to explain (e.g., if sample A 1 B1, select A 1 B1 , not A 1 B2, A2B1, or A2B2). It seems more likely therefore that the problems with the original AB-X training resulted from the preceding match-to-sample training with unitary stimuli (A-B and P-O). Similar findings have been reported in the literature on blocking (e.g., Mackintosh, 1975; Singh & Solman, 1990) . In retrospect, therefore, the revised AB-X training would not have been necessary if the original AB-X training had been presented before the A-B and P-O training. Yet, that still would leave to be explained why blocking occurred among the younger and not with the older children.
Of the 11 children who completed the AB-X training successfully, only 6 (54.5%) showed transfer (PO-X): 2/3 (66.7%) after the original AB-X training, and 4/8 (50%) after the revised AB-X training. By contrast, all 3 children (100%) who received the (sample-comparison)-compound training showed transfer even though they had failed the transfer test before. All 3 of these children needed multiple blocks for demonstrating criterion performance. Thus, it can be reasonably assumed that the compounds and corresponding sample-comparison relations functioned as independent stimulus configurations prior to this training. Hence, transfer should not be expected. This account may also explain the transfer problems with some participants in the Perez-Gonzalez study (1994) and similar problems with generating equivalence-equivalence relations in the study by Barnes, Hegarty, and Smeets (1997) . In Experiment 1 of the latter study, older children and adults received matchto-sample training on A-B (A 1-B1, A2-B2, A3-B3, A4-B4) relations and on similar A-C relations. After demonstrating equivalence-consistent B-C and C-B relations, the participants received the opportunity to match BC compounds representing equivalence relations (e.g., B1 C1-B3C3) and BC compounds representing nonequivalence relations (e.g., B1 C2-B3C4). In both these studies, the derived relations (i.e., transfer in the study by Perez-Gonzalez, 1994; equivalence-equivalence in the study by Barnes et aI., 1997) were frequently obtained only after repeated training and testing. Although it is not clear why the repeated training and testing eventually produced the designated derived relations, these repetitions may have promoted equivalence of sample-comparison relations and compounds. If correct, the delayed emergence could have been avoided by requiring the participants to match sample-comparison relations with corresponding compounds.
The present study identified procedures that were necessary or helpful for establishing functional equivalence of compounds in 5-yearolds. But, how might we account for functional equivalence itself? Specifically, how did the compounds contribute to transfer? For PerezGonzalez (1994) , the formation of the PO-X relations could not have occurred if the AB and PO compounds had functioned as integrated (i.e., unitary) stimuli. If A1B1, A2B2, A1B2, and A2B1 had functioned as integrated H stimuli (H1, H2, H3, and H4, respectively), and P1 01 , P202, P102, and P201 as integrated G stimuli (G1, G2, G3, and G4, respectively), all eight stimuli would be unrelated to one another. Hence, transfer should not be expected. Perez-Gonzalez therefore concluded that transfer could only be based on the relations that were shared between the elements of compounds A 1 B 1, A2B2, P1 01, and P202, and between the elements of compounds A 1 B2, A2B1, P102, and P201.
Theoretically, however, this conclusion can be challenged. Even if the A-B training produced integrated H stimuli (H1 -H4), and the P-O training integrated G stimuli (G1 -G4), two classes of discriminative stimuli should be formed, one of "correct" stimuli (H1, H2, G1, and G2) and one of "incorrect" stimuli (H3, H4, G3, and G4). During the AB-X training, the participants learned to relate the "correct" stimuli to X1 (H 1 &H2-X1) and the "incorrect" stimuli to X2 (H3&H4-X2). Thus, transfer across "correct"
